University of North Dakota

UND Scholarly Commons
Physician Assistant Scholarly Project Papers

Department of Physician Studies

5-2019

The Impact of Shift Work on Health and Wellbeing
Stephanie Gageline
University of North Dakota, stephanie.gagelin@und.edu

See accompanying poster for this paper at:
Follow this and additional works at: https://commons.und.edu/pas-grad-papers
Part of the Medicine and Health Sciences Commons

Recommended Citation
Gageline, Stephanie, "The Impact of Shift Work on Health and Wellbeing" (2019). Physician Assistant
Scholarly Project Papers. 42.
https://commons.und.edu/pas-grad-papers/42

This Scholarly Project is brought to you for free and open access by the Department of Physician Studies at UND
Scholarly Commons. It has been accepted for inclusion in Physician Assistant Scholarly Project Papers by an
authorized administrator of UND Scholarly Commons. For more information, please contact
und.commons@library.und.edu.

RUNNING HEAD: THE IMPACT OF SHIFT WORK ON HEALTH AND WELLBEING

The Impact of Shift Work on Health and Wellbeing
by
Stephanie M. Gagelin, PA-S
Bachelor of Science – University of North Dakota, 2013
Contributing Author: Daryl Sieg, PA-C
Assistant Professor, University of North Dakota

A Scholarly Project
Submitted to the Faculty
of the
University of North Dakota
in partial fulfillment of the requirements
for the degree of
Master of Physician Assistant Studies
Grand Forks, North Dakota
May 2019
Contributors and Reviewers:
Marilyn G. Klug, PhD, Associate Professor
Annie Schlecht, MOTR/L, CIMI, Certified Sleep Consultant
Ashley Pommer, PA-S
Amy Quinn, PA-S
Kaitlyn Wirtz, PA-S
Chukwuka Nnoli, PA-S

1

THE IMPACT OF SHIFT WORK ON HEALTH AND WELLBEING

Table of Contents
Acknowledgments ...............................................................................................................3
Abstract ................................................................................................................................4
Chapters ...............................................................................................................................5
I.

Introduction ..................................................................................................5
A. Statement of the Problem ...........................................................6
B. Research Questions ....................................................................7

II.

Methodology ...............................................................................................7

III.

Review of Literature ....................................................................................7
A. Impact of shift work on glucose metabolism and development of
diabetes mellitus….……………………………………………7
B. Impact of shift work on cardiovascular health ………………12
C. Shift work as a possible carcinogen………………………. …14
D. Impact of shift work on mental health and cognitive
performance……….……………………………………...…..16

IV.

Discussion ..................................................................................................20

V.

Applicability to Clinical Practice ...............................................................24

References ..........................................................................................................................25

2

THE IMPACT OF SHIFT WORK ON HEALTH AND WELLBEING

3

Acknowledgements
I would like to thank the faculty and staff of the University of North Dakota Physician
Assistant program for their role in providing an excellent education and foundation of skills upon
which to build my future career; my academic advisor Daryl Sieg, PA-C for his support,
encouragement, and guidance along the way; Marilyn Klug, Ph.D. and Annie Schlecht, MOTL/R
for their thoughtful analysis and critique of my scholarly project; my primary care preceptor
Crystal Page, PA-C for her patience and mentorship in how to become a competent provider; my
peer review group members Chukwuka Nnoli, PA-S, Ashley Pommer, PA-S, Amy Quinn, PA-S,
and Kaitlyn Wirtz, PA-S, for their insightful and constructive criticism of this project; my fellow
classmates of the UND PA Class of 2019 for giving me a sense of camaraderie throughout this
difficult yet rewarding journey; and my family and friends for their unwavering support and love
over these past two years while I have been working diligently to achieve my dreams. I truly
could not have made it through this process without the support of everyone mentioned above.

THE IMPACT OF SHIFT WORK ON HEALTH AND WELLBEING

4

Abstract
Many of today’s industries require workers to perform shift work (typically during 1600-0700).
If workers are awake during this time period, circadian misalignment occurs. This scholarly
project uses research studies and meta-analyses to provide information about increased health
risks associated with circadian misalignment, focusing particularly on the categories of glucose
metabolism, cardiovascular system, carcinogenesis, and mental health and acuity. Shift work has
been found to increase BMI and waist circumference of employees, as well as increase blood
glucose levels to “prediabetic” levels in previously euglycemic individuals. Shift work has been
proven to increase high-sensitivity C-reactive protein (hs-CRP), an acute phase reactant that
indicates inflammation and has been found to be a precursor to cardiovascular disease.
Additionally, shift work has been demonstrated to increase risk for several cardiovascular
diseases, including myocardial infarction and ischemic stroke. Men who work shift work are at
higher risk for developing prostate cancer, and women who have performed shift work for over
30 years are at increased risk for breast cancer development. Working a night shift job and its
associated sleep deprivation was proven to make medical interns more susceptible to developing
depression, as well as more likely to make medical errors due to their sleep deprivation.

Keywords: shift work, circadian misalignment, diabetes mellitus, myocardial infarction, breast
cancer, prostate cancer, depression
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Introduction
Nearly 15% of American workers are employed in a position that requires shift work,
according to a 2004 report by the Bureau of Labor Statistics (BLS) (2005). Shift work is often
defined as occurring between the hours of around 1600 and 0800, or a position that does not
conform to the common “9-5” schedule. In our 24/7 world, it is becoming more and more
common to work a nontraditional shift. Shift work commonly occurs in several industries,
including the service industry (encompassing food service, hospitality, and environmental
service workers), manufacturing, transportation, protective services (including firefighters, police
officers, and security guards), and healthcare.
Shift workers often have a very chaotic schedule and tend to not eat at so-called “normal”
mealtimes like day shift workers. They also may not have the increased employee coverage a day
shift may have that allows for them to take a meal break. In addition, these workers may not have
access to healthy hot meals and may have to eat “fast foods” such as microwaveable meals or
snack foods due to their limited break time. They are required to stay awake during their body’s
circadian “night,” which can cause adverse effects on normal body processes such as glucose and
fatty acid metabolism, and can influence abnormal processes such as inflammation and
oncogenesis.
With the recent increase in public awareness of mental health issues, depression and
suicide are more commonly discussed than ever before. While some individuals may be
genetically predisposed to depression and other mental illnesses, depression can also be
situational in nature. Working long hours, entering and leaving work in darkness, and low
amounts of natural light could contribute to this depression.
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Regardless of what industry in which an individual is employed, remaining alert and
sharp in order to perform their required duties is paramount. However, this is even more
important for positions in which an error can lead to death, such as healthcare, transportation,
manufacturing, or law enforcement. Sleep deprivation, working long hours, and working during
circadian misalignment are all factors that can contribute to decreased alertness and mental
capacity for shift workers.
Studies are necessary to determine if shift workers are at increased risk for disease
compared to non-shift workers. In this scholarly project, the assertion that shift workers are at
risk for various health problems solely due to the hours they work will be examined, in addition
to exploring the various conditions in which risk may be increased, and discussing the various
mechanisms that may cause this increased risk.
Statement of the Problem
According to the Centers for Disease Control and Prevention (CDC) (2017), more than
30 million Americans had diabetes mellitus (DM) in 2015, “…Of which 7.2 million (23.8%)
were not aware of or did not report having diabetes” (p. 2). Nearly 800,000 people have a
myocardial infarction (MI) each year in the United States (Benjamin et al., 2017). A 2017 report
published by the Substance Abuse and Mental Health Services Administration reports, “In 2016,
6.7 percent of adults aged 18 or older (16.2 million adults) had at least one major depressive
episode (MDE) in the past year” (2017). It is important for clinicians to keep this information in
mind as they care for patients who work a shift work job, as they could have a higher risk of
certain health problems than non-shift workers which may make up a majority of their patient
base. They simply may not be aware of the issue as it is not very visible in today’s world; most
people are just assumed to work a “9 to 5” job.

THE IMPACT OF SHIFT WORK ON HEALTH AND WELLBEING

7

Research Questions
In adult patients, does working an evening or night shift as compared to day shift increase
the risk of developing diabetes mellitus, cardiovascular disease, and various cancers?
In adult patients, does working an evening or night shift as compared to day shift
decrease cognitive functions such as alertness and increase depressive symptoms?
Methodology
PubMed was the primary database used for research of this project. Searches took place
between September 2018 and January 2019. Keywords and search terms included shift work,
night shift, overnight shift, circadian misalignment, diabetes mellitus, malignancy, carcinoma,
cancer, depression, leptin, glucose, and hs-CRP. Additional modifiers such as AND and OR were
included to narrow down the number of articles, for example “circadian misalignment AND
malignancy OR cancer or carcinoma.” Clinical trials and meta-analyses were selected for use in
this project, which further narrowed the articles available. Articles and resources that were
published before the year 2005 were excluded. Articles that were not published in English or did
not have an additional English interpretation were excluded.
Review of Literature
Impact of shift work on glucose metabolism and development of diabetes mellitus
A study conducted by Antunes, Jornada, Ramalho, and Hidalgo (2010) hypothesized a
possible association between shift work and an increase in body mass index (BMI) and waist
circumference. The study participants were divided into two groups: day workers and shift
workers. All participants were measured for waist circumference and had their BMI calculated.
The results indicated there was a positive association between shift work and increased
BMI (p = 0.03) and waist circumference (p = 0.004). The average BMI of the day workers was
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23.07 and 29.22 in night workers. On average, the shift worker group had a 16 cm larger average
waist circumference than the day workers (Antunes et al., 2010). Although the sample size (n =
27) is small, it does provide evidence that shift work may contribute to weight gain, which can
lead to metabolic impairment, as evidenced by the increased BMI and waist circumference of
shift workers in this study.
One limitation of the study is its sample size of 27 subjects: 13 day workers and 14 shift
workers. The shift worker group consisted of 12 women and two men. It could also be argued
that another limitation of the study is its small sample size of men, since only two were included.
It is unclear if the study parameters allowed for the generally increased muscle mass of men (and
therefore increased BMI) compared to women. Two men were included in the shift worker
group, which could possibly have contributed to the increased BMI of the shift worker group.
A study conducted by Morris, Purvis, Mistretta, and Scheer (2016) measured glucose and
insulin levels in both circadian alignment and misalignment scenarios. The subjects included
nine healthy night shift workers who were put into simulated work situations. Each participant
was fed the same exact meal during the scheduled mealtimes and light exposure was strictly
controlled. Their sleep was monitored by polysomnography and they had their blood samples
drawn at the same time to maintain continuity. Two participants were dismissed from the study
because it was found that their dim light melatonin levels were widely variable between phases
of the study and therefore, their central circadian rhythm was unreliable and could not be
included in final data analysis, leaving a total sample number of 7 participants.
When observed under circadian alignment protocol (a so-called “normal day”), the
subjects averaged a 5% higher postprandial glucose level during the evening meal as opposed to
breakfast (p = 0.034), and 18% lower late-phase postprandial insulin after the evening meal (p =
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0.01) (Morris et al., 2016). This shows both decreased glucose tolerance and decreased insulin
sensitivity near the evening meal, which indicates that β-cell activity is deficient in the biological
evening.
Once the circadian misalignment protocol was introduced, it was noted that misaligned
participants had an average increase in postprandial glucose levels of 5.6% (p = 0.0042). In
addition, “Late-phase postprandial insulin was 10% higher in the circadian misalignment than
alignment condition (P = .015), suggesting decreased insulin sensitivity during misalignment”
(p. 1070). Although the glucose was higher in the misalignment protocol, the body was
producing more insulin at that time, which demonstrates diminished sensitivity of the body to
insulin’s effects when in circadian misalignment.
This study seemed very well designed and monitored in order to provide quality data.
However, the small sample size and short duration of three days is concerning, as a larger sample
size with similar findings would have more impact. It is difficult to ascertain if these findings are
applicable to long-term circadian misalignment, or if the findings would be even more powerful
if the time were significantly lengthened.
A similar study by Scheer, Hilton, Mantzoros, and Shea (2009) observed 10 participants
under a circadian alignment scenario of 2 days and misalignment scenario of 7 days. During
analysis of glucose response during the circadian misalignment portion of the study, Scheer et al.
noted 3 of the 8 participants in the study had 2-hour postprandial glucose response that placed
them in the “prediabetic” or “diabetic” stage for glucose metabolism (>140 mg/dL). The
participants had an average blood glucose increase of over 30 mg/dL during circadian
misalignment compared to circadian alignment (p = 0.025), even with an accompanying increase
in insulin (p = 0.036) (Scheer et al., 2009).
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The effect of circadian misalignment on leptin, an important player in glucose
metabolism, was also explored in the same study by Scheer et al. (2009). They noted that in a
general behavioral cycle, leptin has a large natural variation of 44%, consisting of a breakfasttime trough leading to a peak at “bedtime” after consuming an evening meal (p <0.001).
However, during circadian misalignment, average leptin levels decreased 17% (p <0.001) and
there was no evident “peak and trough” variance of leptin levels (Scheer et al., 2009).
Some strengths of the study include its within-subject design and strictly controlled
conditions which allowed for minimal heterogeneity in data. However, this study had a very
small sample size of ten subjects, and 5 of the included subjects had mild asthma. Although none
were using corticosteroids to control their asthma, it is difficult to know if this condition had any
impact on glucose and leptin levels measured during the study.
A study by Manodpitipong et al. (2017) explores the relationship between shift work and
glycemic control in type 2 diabetics. Three groups were recruited: unemployed (n=104), day
workers (n=85), and shift workers (n=60), totaling 249 participants. Members of all three groups
had type 2 diabetes and could use insulin or non-insulin medications to control their diabetes.
Their weight, hemoglobin A1c (HbA1c), and calorie consumption for the previous day were
collected from all participants.
Manodpitipong et al. (2017) found that shift workers had an average HbA1c value of
7.86%, while day workers had HbA1cs of 7.24% and unemployed study participants had
HbA1cs of 7.09% (p = 0.044). Shift workers also consumed more daily calories (1434 cal) than
the day workers (1124 cal) and unemployed groups (1029 cal) (p <0.001). The authors also
found that, “among the night shift workers, there were no significant differences in HbA1c levels
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between those performing rotating versus non-rotating shifts (p = 0.856)” (Manodpitipong et al.,
2017, p. 767).
Manodpitipong et al. failed to control light exposure at night for all the groups, and
reports of calorie consumption were subjective. Not having standardized light at night for
patients means the effect of light on participants’ circadian rhythm was not standardized;
therefore, this could contribute to certain subjects being more affected by light than others who
did not receive as much light at night. The subjective calorie consumption reports make it more
difficult to determine if participants were being honest about their calorie consumption as
opposed to if the nutritional data had been collected by a standardized questionnaire or survey
employee.
Gan et al. (2015) performed a meta-analysis of 448 possible observational study articles
pertaining to shift work and DM risk. These 448 articles were subsequently narrowed down to 12
studies consisting of 226,652 participants. The information found in the 12 articles was filtered
through subgroups of sex, study location, study design, occupation, shift schedule, and whether
BMI, family history of DM, and physical activity were controlled or not controlled in the
models.
This meta-analysis performed by Gan et al. (2015) found that shift work was associated
with a 9% overall increased risk of DM [odds ratio (OR) = 1.09, p = 0.014]. It was also noted
that, “subgroup analysis by shift schedules showed that rotating shifts, irregular and unspecific
shifts and night shifts were associated with an increased risk of DM. The highest point estimate
was noted for rotating shifts (OR=1.42, p = 0.04)” (p. 74). Higher DM risk was also found in
men, with an odds ratio of 1.37 as opposed to 1.09 in women (p = 0.01) (Gan et al., 2015).
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One weakness of this meta-analysis is the definition of “shift work” in the studies was not
well defined and therefore could have been interpreted differently on a study-by-study basis,
introducing heterogeneity into the meta-analysis. However, this meta-analysis had a quite large
sample size of over 225,000 participants. It also was able to quantify strength of association
between shift work and DM.
Impact of shift work on cardiovascular health
Morris, Purvis, Mistretta, Hu, and Scheer (2017) looked to determine if circadian
misalignment increased high-sensitivity C-reactive protein (hs-CRP) and blood pressure in night
shift workers. Nine healthy night shift workers with average shift work employment of 5.3 years
were recruited to join this crossover study, where the same participants were observed in both
circadian alignment and misalignment. Two participants were dismissed from the study because
it was found that their dim light melatonin levels were widely variable between phases of the
study and therefore, their central circadian rhythm was unreliable and could not be included in
final data analysis. This brings the total sample number to seven.
Morris et al. (2017) found that circadian misalignment increased hs-CRP by 11% (p <
0.0001), and that hs-CRP remained higher during the sleep period and end of the wake cycle in
circadian misalignment as opposed to circadian alignment (p ≤ 0.012). In addition, circadian
misalignment was found to have increased systolic blood pressure by an average of 1.4 mmHg (p
≤ 0.038), diastolic blood pressure by an average of 0.8 mmHg (p ≤ 0.038), and sleeping heart
rate by an average of 1.8 beats per minute (p = 0.029) (Morris et al., 2017).
While this study provides valuable information regarding cardiac risk factors and shift
work, the study only measured data for 3 days at a time. Therefore, it is difficult to know if the
results would be applicable to longer-term studies. Another weakness of this study is its small
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sample size of seven participants. If there had been a larger and more heterogeneous mixture of
patients, say with a more diverse BMI range, the findings would seem more impactful.
A double-blind study conducted by Barger et al. (2017) aimed to quantify the risk of
adverse cardiac events in shift workers. Participants had to meet two requirements: (a) they had
to have been hospitalized for an MI in the past month or less, and (b) have one additional
cardiovascular risk factor, such as advanced age or previous MI history before the most recent
MI that qualified them to participate in this study. In all, 13,026 participants were included from
36 countries. The average age of participants was 64, with 74.5% being male.
Those who had worked a minimum of one year of shift work (22.3% of participants)
“…Were more likely to…have a history of hypertension and hyperlipidemia” (p <0.001) (p. 4).
It was also found that shift workers had a 15% increased risk for major coronary events (such as
coronary heart disease death, MI, or urgent coronary revascularization for MI; adjusted hazard
ratio 1.15, p = 0.01), and a 12% increased risk of major adverse cardiovascular events (including
cardiovascular death, MI, or stroke; adjusted hazard ratio 1.12, p = 0.06). In addition, Barger et
al. (2017) noted that shift workers in this study were found to have a 21% increased risk of MI
(adjusted hazard ratio 1.21, p = 0.01), but these findings did not increase their all-cause mortality
risk (adjusted hazard ratio 1.07, p = 0.44) (p. 5).
While this was a larger study that included participants from several different countries
and races, the data was self-reported, so it is difficult to determine if the information is fully
objective or not. It is unclear based on the information provided by the participants if the shift
work was more recent or in the past. Also, there is no way of knowing if their work schedule has
been changed due to their recent MI or if they are still continuing to work night shifts post-MI.
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All this additional information would be helpful in being able to provide more definitive findings
regarding this important area of research.
Vyas et al. (2012) performed a meta-analysis looking for risk of vascular events in shift
workers. Researchers started with 12,350 possible articles and narrowed down to 34 studies
consisting of 2,011,935 participants and placed studies into subgroups related to shift schedule
(evening, irregular or unspecified, mixed, night, and rotating). It was concluded that working
shift work puts workers at an increased risk of MI (RR = 1.23), coronary events (RR = 1.24), and
ischemic stroke (RR = 1.05). A strength of this meta-analysis is that it included more than one
type of outcome to assess for risk – MI, coronary events, and ischemic stroke. Past studies had
only assessed one type of risk at a time. However, since it is a meta-analysis, it is difficult to
have homogeneity in study parameter definitions, such as what “shift work” means or what
constitutes a coronary event. This ambiguity in types of “coronary events” could leave many
conditions excluded from analysis, or, conversely, include events that the meta-analysis authors
may not have wanted to include in that category.
Shift work as a possible carcinogen
Peplonska et al. (2012) hypothesized a possible link between night shift work, urine
melatonin level, and dense breast tissue, which is a known risk factor for breast cancer. Lack of
melatonin synthesis has been hypothesized as a possible mechanism for development of cancer,
since “melatonin has been found to act as an inhibitor of tumor cell proliferation in animal
models and in human cancer cell lines” (p. 1028). 640 nurses and midwives from ages 40-60
were recruited for the study, which consisted of mammographic studies, spot urine samples
collected during early morning hours (or at the end of night shift in the case of night shift

THE IMPACT OF SHIFT WORK ON HEALTH AND WELLBEING

15

workers), and questionnaires regarding employment history and length of employment in a night
shift job. There were 321 night shift workers and 319 day workers included in the study.
Peplonska et al. (2012) found that while the night shift workers did have a slightly higher
average mammographic density, it was not enough to be statistically significant (p = 0.62).
Additionally, it made no statistical difference how long a woman had worked night shifts – the
span of the participants was from 0 to more than 25 years of shift work (p = 0.93). It was also
found that there was no correlation between urine melatonin levels and mammographic density,
regardless of the participants’ menopausal status or shift worked (p = 0.65).
A strength of this study is its high response rate of participants. Over 95% of initial
participants completed the mammography portion of the study, and the reproducibility of the
mammographic density results was 98%. A weakness of this study is that some of the urine
melatonin samples were collected almost 120 days after the mammogram was performed. There
is a possibility that an association may have been found between mammographic density and
urine melatonin level had the samples been collected more closely together in time.
However, a different study by Grundy et al. (2013) investigated the possibility of
increased breast cancer risk and shift work in women from a variety of careers in Canada. They
concluded that women who worked a night shift job for more than 30 years are at an increased
risk for breast cancer (OR = 2.21) (p. 835, table 2). There was no impact of shift work on
estrogen receptor (ER)/progesterone receptor (PR) status (0-14 years night shift p = 0.22, 15-29
years night shift p = 0.84, ≥ 30 years night shift p = 0.27) (Grundy et al., 2013). It was also found
that there was no increased risk for breast cancer in women who worked night shift less than 30
years (0-14 years of shift work OR = 0.95, 15-29 years of shift work OR = 0.93).
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One limitation of this study is the small number of women who had worked more than 30
years of night shifts – only 41 out of 2313 participants total. One has to wonder if the findings of
this study are reproducible on a larger scale or if they are a product of the area where the study
was conducted. One strength of this study is that the subjects were from several different
occupations and not just health occupations, like many previous studies before. This helps
contribute to the idea that the increased breast cancer risk is not linked to something occupational
related like chemical exposure, etc.
Rao, Yu, Bai, Zheng, and Xie (2015) performed a meta-analysis of 214 possible articles,
which was narrowed down to 8 studies. There were 2,459,845 total participants, 9,669 of which
had prostate cancer. Rao et al. (2015) found that there was an increased association of prostate
cancer in study participants employed in shift work jobs, evidenced by a risk ratio of 1.24 (p =
0.011). It was also noted that those who had worked over 5 years of shift work had a 2.8%
increased risk of prostate cancer (p = 0.030).
This meta-analysis had a large sample size of over 2.4 million participants. Due to the
large number of participants, this increases the statistical power of the results found through the
meta-analysis. However, the total number of studies included in the meta-analysis was quite low
at eight. In addition, there was a fair amount of heterogeneity between studies regarding their
design as to how they quantified “shift work” and various other variables measured. This could
make it more difficult to make a definite association between shift work and prostate cancer risk.
Impact of shift work on mental health and cognitive performance
A study by Basner et al. (2017) observed the amount of sleep that internal medicine and
oncology residents and interns had during an overnight call shift and their alertness the morning
after an overnight shift. In the morning after their shift, they performed the Psychomotor
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Vigilance Test, which analyzed their reaction time to stimuli, and answered the Karolinska
Sleepiness Scale, a questionnaire which rated their degree of sleepiness.
Basner et al. (2017) found that participants on night shift slept an average of 2.19 hours
per shift, compared to a non-shift night’s sleep of 6.92 hours. 17.5% of the participants did not
get any sleep on an overnight shift. These 17.5% performed the worst on psychomotor tests and
had slowed reaction times compared to those who did sleep on night shift and those who worked
day shift. Basner et al. interestingly noted those who did not sleep on night shift performed about
as well as those participants who did sleep on night shift but took the psychomotor test within an
hour of waking (all p >0.1). This provides some evidence that slowed reaction times can persist
even into the first hour of wakefulness.
It is unclear if this information is applicable to residents in another discipline such as
surgery or emergency medicine, where their work may not allow for any sleep on a shift. The
study also did not consider provider or patient safety outcomes, such as workplace injuries or
medical errors. This would have provided some more clarity and concreteness as to how exactly
lack of sleep contributes to physician alertness.
Another study by Machi et al. (2012) examined the cognitive performance of 13
emergency department (ED) physicians after both day and night shifts, as well as their selfreported sleep habits as scored via the Pittsburgh Sleep Quality Index (PSQI). It was found that
the participants’ short-term memory after their overnight shift (average of 4.6 less words
recalled) declined in comparison to the pre-shift assessment (average of 2.4 less words recalled)
(Machi et al., 2012). It was noted that the participants remembered the items mentioned most
recently during the short-term memory assessment, meaning that they were more likely to
remember things most recently told to them. The average PSQI score of the participants was 4.8
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(>6 indicates poor sleep quality), with a standard deviation of +/- 2.5, which is “…2.1 points
higher than a normative sample of healthy controls tested in a previous study” (Machi et al.,
2012, p. 88). The mean number of years as an ED attending physician for the participants was
8.1 years, which could help support the viewpoint that these sleep issues are persisting for years
after beginning to work varied shifts (Machi et al., 2012, p. 86, table 1). One limitation of this
study is that the shifts worked by participants were 6-8 hours, whereas many shifts at other
facilities are longer (around 10-12 hours). Therefore, it is hard to know if the findings of this
study are still applicable to longer shift lengths or if the findings would be different. There was
also a quite small sample size of 13 participants. If a larger group had been used, it would have
been more impactful as more data would have been able to be included.
Sleep deprivation after working an overnight shift can have real life consequences,
especially when it comes to driving home from a shift. Sixteen participants in a study by Lee et
al. (2015) completed two phases of testing: one two-hour drive at a closed track the morning
after a full night’s rest of an average of 7.6 hours, and another two-hour drive at the same track
following an overnight shift. This study tracked lane excursions, near-miss crashes, and drives
that had to be terminated due to danger to the participants. It also measured participants’
alertness through EEGs, electrooculography, and infrared reflectance oculography.
Lee et al. (2015) observed that during the post-sleep drives, there were no near-crashes or
early termination of the drives due to safety concerns. However, during the post-nightshift
drives, 7 of 16 drives had to be stopped early due to safety concerns, and there were 11 nearcrashes (p = 0.00308). All of the unsafe events in the post-nightshift group occurred after 45
minutes or more of driving. The post-nightshift group also had more total lane excursions [Risk
ratio (RR) = 2.08, p <0.0001) and higher measures of ocular drowsiness such as slower eye
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movements (RR = 1.89, p <0.0001) than the post-sleep group. While this study provides
compelling evidence regarding sleep deprivation and dangerous driving events, the driving was
held on a closed track that did not include common features of “real-world” roads like stoplights,
pedestrians, other vehicle traffic, or rumble strips that may have affected alertness in a real-world
situation.
In a study by Kalmbach, Arnedt, Song, Guille, and Sen (2017), 1215 interns were found
to be depression-free at initial screening 1-2 months prior to beginning their internship. They
were administered the PSQI to assess their sleep quality as well as the Patient Health
Questionnaire 9 (PHQ-9) to assess their risk for depression at 1-2 months pre-internship, 3
months of internship, and 6 months of internship. Participants were also questioned as to the
number of hours they worked per week as well as if they think they had made any major medical
errors since their last assessment.
On average, participants had almost an hour less of sleep per night once their internship
started, and nearly half were sleeping less than 6 hours per night at both 3 and 6 months of
assessment. Kalmbach et al. (2017) also found that the participants who had higher scores of
disordered sleep (so-called “poor sleepers”) were more likely to be at risk for depression (OR =
2.33, p <0.001). In fact, “Each hour less of sleep correlated to a 59% increase in the odds of
developing depression” (OR = 1.59) (p. 3). Kalmbach et al. also noted, “Each hour less of sleep
correlated to a 27% increase in the odds of reporting medical errors (OR−1 = 1.27, p = .01)” (p.
5). Reported error rates were also higher in participants working greater than 70 hours per week
(RR = 1.5, p < 0.1) (Kalmbach et al., 2017).
One limitation of this study is that the participants self-reported their difficulties with
sleep as opposed to having objective sleep data, like observation with actigraphy or
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polysomnography. Also, there was no specific “investigation” into medical errors, as these were
self-reported. Therefore, this parameter could be falsely elevated or decreased, depending on the
self-awareness (or even pride) of the participant. In addition, while this study does not
specifically address the impact of shift work on depression or error rate, it is not a far stretch to
think that first-year interns are working night shifts and are having difficulty with sleeping due to
their chaotic work schedules.
Discussion
Shift work and the resultant sleep deprivation which accompanies it has long been
hypothesized as a negative contributor to health. However, it was unknown how pervasive an
issue that circadian misalignment was until studies began in the mid-1990s. Presently, there has
been more evidence to suggest that shift work is a health hazard, which will be discussed below.
In adult patients, does working an evening or night shift as compared to day shift increase
the risk of developing diabetes mellitus, cardiovascular disease, and various cancers?
Shift workers have increased BMI and waist circumference compared to non-shift
workers, as reported by Antunes et al. (2010); shift workers have also been reported to consume
more daily calories than day shift workers or unemployed individuals (Manodpitipong et al.,
2017). Higher postprandial glucose levels were observed in subjects during a circadian
misalignment scenario, even though the increased glucose was accompanied by increased
postprandial insulin (Morris et al., 2016). This provides evidence that there is decreased insulin
sensitivity in shift workers. Alarmingly, some participants in a 2009 study by Scheer et al. were
found to have glucose levels that qualified them for “prediabetes” or impaired glucose tolerance
after only seven days of a circadian misalignment scenario, although they had normal glucose
levels just days earlier during the circadian alignment portion of the study (Scheer et al., 2009).
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Shift work can also affect glycemic control of current diabetics, as observed in a 2017 study by
Manodpitipong et al., which found that HbA1C levels of diabetic shift workers were higher than
diabetics that do not perform shift work.
Shift work also has an impact on other DM risk factors. Subjects had a 17% decrease in
leptin levels during circadian misalignment and did not exhibit a peak-and-trough distribution as
was observed during the circadian alignment scenario (Scheer et al., 2009). Moonishaa et al.
(2017) states that leptin “Regulate[s] energy balance. It does so by decreasing the appetite or
energy intake and by increasing energy expenditure” (p. 176). Additionally, Welsh et al. (2009)
state, “Hyperleptinemia may promote atherosclerosis, and dysregulation of leptin signaling in
obese individuals results in reduced fatty acid oxidation and glucose uptake” (p. 308). Although
impaired leptin signaling can lead to reduced glucose uptake, which is itself a mechanism of
development of DM, decreased leptin levels can also be contributory to increased DM risk. As
mentioned above, leptin helps regulate satiety signals and energy intake and expenditure. If
leptin levels are decreased, it could increase appetite in shift workers, which would increase
calorie consumption and contribute to increased BMI and waist circumference as observed in
studies mentioned previously.
As for actual quantification of risk, the meta-analysis performed by Gan et al. (2015)
asserts that shift workers do have an increased risk of developing DM. This is evidenced by an
overall odds ratio of 1.09 (p = 0.014) (p. 74), which increases to 1.42 in workers performing
rotating shifts (p = 0.04) and to 1.37 in men performing shift work (p = 0.01) (p. 75).
Shift work has been implicated as a culprit of increased cardiovascular risk factors as
well. In a 2017 study by Morris et al., subjects in a circadian misalignment scenario had an 11%
higher hs-CRP level than their circadian alignment hs-CRP level (p. 158). The Emerging Risk
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Factors Collaboration describes CRP as “A sensitive and dynamic systemic marker of
inflammation. Its concentration in the circulation can increase by up to 10,000-fold during acute
responses to serious infection or major tissue damage” (2010, p. 132). The Emerging Risk
Factors Collaboration also explains, “CRP binds to LDL and is present in atherosclerotic
plaques” (p. 132). Morris et al. (2017) writes, “Epidemiological studies have shown chronically
elevated hs-CRP to predict cardiovascular disease” (p. 161). The fact that hs-CRP can be
elevated solely from shift work is concerning, since it is not a widely known risk factor and shift
workers’ risk for cardiovascular disease is rising without them even being aware that their job is
the source of exposure.
Increased blood pressure has long been implicated as a risk factor in cardiovascular
disease. A 2017 study by Morris et al. observed that circadian misalignment increased systolic
blood pressure by an average of 1.4 mmHg and diastolic blood pressure by an average of 0.8
mmHg, compared to circadian alignment blood pressure measurements.
As for quantification of cardiovascular event risk for shift workers, studies by Barger et
al. (2017) and Vyas et al. (2012) were quite similar in their findings. The risk ratio of suffering a
MI was 1.23 as reported by Vyas et al., and 1.21 as reported by Barger et al. Although the study
by Barger et al. did not place stroke into its own category or assign it a singular risk ratio, it was
found that there was a risk ratio of 1.12 for major adverse cardiovascular events, which included
stroke in addition to MI and cardiovascular death. This is in comparison to an ischemic stroke
risk ratio of 1.05 as reported by Vyas et al. This is important because these studies are exhibiting
that shift workers are at higher risk for cardiac events even before other risk factors are being
applied.
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Night shift work can also increase carcinogenic risk. A meta-analysis by Rao et al. (2015)
indicates that the risk ratio of night shift workers developing prostate cancer is 1.24. This
indicates that men who work night shift have a 24% increased risk of prostate cancer compared
to the same man who does not work night shift.
In the case of breast cancer, the answer is not as straightforward. A 2012 study performed
by Peplonska et al. concluded that there is no statistically significant relationship between shift
work and increased mammographic density, a known risk factor for breast cancer. However,
Grundy et al. (2013) stated there is increased breast cancer risk for women working a night shift
for more than 30 years. This could possibly show that other mechanisms of carcinogenesis may
be the culprit for night shift workers instead of increased dense breast tissue.
In adult patients, does working an evening or night shift as compared to day shift decrease
cognitive functions such as alertness and increase depressive symptoms?
It is extremely important for night shift workers to be alert and aware of the tasks they are
performing, especially in the healthcare field. However, it has been shown that the sleep
deprivation that comes from night shift adversely affects alertness. For example, a study by Lee
et al. (2015) concluded that night shift workers had a risk ratio of 2.08 for lane excursions, and
the drivers performed so poorly that over half of the drives were ended early due to safety
concerns – even on a closed track with no “real-world” obstacles such as pedestrians and other
vehicle traffic. This has health implications not only for the sleep-deprived drivers but fellow
passengers and other commuters.
Sleep deprivation can have dire consequences for night shift workers, particularly those
in the healthcare field. Basner et al. (2017) noted that interns and residents who sleep less than 3
hours on overnight on-call shifts have decreased performance on the Psychomotor Vigilance Test
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(PVT) compared to their scores on the PVT on regular shift days. In addition, it was observed in
a 2012 study by Machi et al. that even tenured emergency department physicians (average
duration of employment 8.1 years) have decreased cognition post-night shift, as evidenced by
decreased performance on a word-recall test. It seems that one can never quite “get used to”
sleep deprivation, regardless of how many years one has worked night shift .
Not only does the sleep deprivation of night shift cause decreased cognition and alertness
in workers, it can also contribute negatively to one’s mental health. A 2017 study by Kalmbach
et al. states that interns and residents who are more sleep deprived have a higher risk of
developing depressive symptoms.
Applicability to Clinical Practice
With the information provided above, the clinician can anticipate possible health
problems associated with shift work. This will allow the clinician to provide early education and
intervention for these health problems in their patients who are employed in shift work positions.
For example, if a patient is employed in a shift work position, the provider may be more
aggressive with screening for impaired glucose tolerance, and would perform glucose testing
once a year as opposed to once every 3 years as suggested by the United States Preventative
Services Task Force. The provider may also be more aware of other health risks to the patient
and would keep a closer eye on screening for cardiac diseases, various cancers such as breast and
prostate cancer, and may screen more often for depression. Perhaps being aware of the
information provided in this scholarly project will make providers more cognizant of the health
issues that can plague shift workers and bring more awareness to the fact that these individuals
require more preventative care than the average patient who works a day shift position.
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